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(57) ABSTRACT

Methods and apparatus are described for providing a time-
based warning indicating that the energy capacity of a
primary energy source ol a battery-powered computer has
discharged to a low level, and using residual energy of the
primary energy source to perform at least one pre-cutoif
function. The time-based warning ensures that the warning
1s provided 1n a timely manner by overcoming problems
caused by analog to digital converter voltage measurement
accuracy limitations and flat battery operating voltage versus
discharge curves. The primary energy source can be a
rechargeable battery, which can also be the sole energy
source for the computer. The battery provides power to
operate the computer until the battery voltage discharges to
the cutoff voltage. The methods and apparatus provide
advantages because they reserve the residual energy in the
battery to perform at least one pre-cutoif function within a
first duration before the battery discharges to the cutofl
voltage. For example, the residual energy can be used to
retain data stored in the computer between opportunities to
charge the battery. Some embodiments of the invention
include hardware resources coupled with the processor to
lock out power and application activation when the
rechargeable battery has discharged to a predetermined
hardware lockout voltage. The value of the hardware lockout
voltage can be based on the battery retaining a residual
energy sufficient for performing the corresponding pre-
cutofl function within an amount of time that 1s expected to
enable the user to perform the function.
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METHOD AND APPARATUS FOR USING
RESIDUAL ENERGY IN A BATTERY-
POWERED COMPUTER

CROSS REFERENCE TO RELATED
APPLICATTION

This application relates to and imcorporates heremn by
reference as if fully set forth herein the following United
States patent applications: Ser. No. 09/299,063, entitled
“Detection of an Accessory Device Connected to a Portable
Computer,” filed, Apr. 23, 1999, having mventors Eric M.
Lunsford, Steven C. Lemke, Neal A. Osborn, and Francis J.

Canova, Jr.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates generally to the field of battery-
powered computers. More particularly, the invention relates
to using residual energy in battery-powered computers to
perform a function before the battery discharges to its cutoif
voltage.

2. Discussion of the Related Art

Many conventional battery-powered computers provide
only a single warning message before the primary battery
discharges to the cutolif voltage and the battery-powered
computer can no longer be powered by the primary battery,
or a lockout of applications occurs. The user expects to be
able to perform one or more pre-cutofl functions to ensure
that data stored in the battery-powered computer 1s not lost
when the battery discharges to the cutofl voltage. Similarly,
the user expects to be able to execute certain applications
after the warning before the applications are locked out

The single warning message 1s typically triggered by the
operating voltage of the primary battery discharging below
a certain predetermined warning voltage. Such operating
voltage based warning messages can fail to meet user
expectations when, due to accuracy limitations of the volt-
age detection component(s) used to monitor the operating
voltage, the message 1s provided too late for the user to
perform the desired pre-cutoff function, or execute the
pre-lockout application. Therefore, what 1s needed 1s a
warning message that meets user expectations by ensuring,
that the user can perform the pre-cutofl functions before the
battery discharges to the cutofl voltage and can execute
certain applications before the applications are locked out.

Another problem with the prior art is that conventional
battery-powered computers rely on an alternative energy
source to ensure retention of data when the energy level of
the primary energy source goes below a minimum energy
level for continued normal functioning of the computer.
These alternative energy sources can include small batteries
such as watch batteries, large capacitors, and other energy
storage devices. The capacity requirements for the alterna-
five energy sources are typically much lower than the
primary energy source capacity.

For some conventional battery-powered computers, the
alternative energy source provides a voltage source when the
batteries are replaced. For example, for Palm III™
computers, a capacitor 1s charged by the primary energy
source (two AAA alkaline batteries). The capacitor provides
an alternative energy capacity that enables the Palm III to
retain data for approximately one minute to three minutes
with no charge from the alkaline batteries, ¢.g., when low
charge alkaline batteries are replaced by the user.

A problem with this technology has been that the alter-
native energy source does not provide enough time for
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replacement of the primary energy source when the user
cannot provide replacement batteries within the proscribed
time (e.g., one to three minutes), and data stored in the
battery powered computer 1s therefore lost. Therefore, what
1s required 1s a solution that uses the primary energy source
to provide sufficient time for data retention during a period
of time when the primary energy source i1s susceptible to
discharging to the cutoff voltage or 1s otherwise unable, 1n
the absence of the solution, to ensure that the data will be

retained.

One unsatisfactory approach, 1 an attempt to solve the
above-discussed problems, involves the use of secondary or
alternate watch batteries 1n certain handheld connected
organizers that use the Windows® CE operating system.
Unless the remaining capacity of the alternate battery is
monitored, the alternate battery is subject to unpredictable
failure just at the time 1t 1s needed most. But, monitoring the
remaining capacity of the alternate battery 1s duplicative of
any provision to monitor the capacity of the primary battery
and 1s therefore 1nefhicient.

Methods and apparatus for determining residual battery
voltage are provided by U.S. Pat. No. 5,784,295, 1ssued to
Hinohara on Jul. 21, 1998. However, these methods and
apparatus do not ensure that sufficient time for data retention
1s provided.

Several laptop computers provide a warning that the main
battery needs to be recharged and then place the computer
into a sleep mode. The remaining charge of the main battery
1s then used as a capacitor to retain the data in the memory.
The warnings provided by these computers can be too late
for the user to complete desired tasks before cutofl because
the warnings are based on the operating voltage of the
primary energy source, which 1s subject to inaccurate volt-
age measurement.

Heretotfore, the requirement of using the capacity of the
primary battery to ensure that data stored in the computer 1s
retained has not been fully met. What 1s needed 1s a solution
that addresses this requirement.

SUMMARY OF THE INVENTION

A primary goal of the mvention 1s to reserve a residual
battery capacity 1n a primary energy source ol a battery-
powered computer for one or more pre-cutofl functions. One
example of a pre-cutoff function 1s using the residual battery
capacity to retain data stored in the computer between
charging opportunities.

Another goal 1s to provide a warning message that is
based on a measurement of time from when a signal 1s
received by the processor disposed 1n the computer. The
time-based warning avoids voltage measurement accuracy
limitations that are characteristic of analog to digital con-
verters and can detrimentally affect the timing of warning
messages based on operating voltage measurements.

In accordance with these goals, there 1s a particular need
for a method including a hardware lockout of power and
application interrupt signals when the battery capacity has
decreased to within a predetermined amount above the
cutoff voltage, and a method for providing a time-based
warning. The methods and apparatus according to the inven-
tion provide advantages because they provide time-based
warnings and hardware lockouts that enable the battery-
powered computer to use the residual energy 1n the recharge-
able battery to perform pre-cutofl functions such as ensuring
that data stored in the computer 1s retained i1n between
opportunities to charge the battery.

A first and a second aspect of the invention are 1mple-
mented 1n various embodiments based on a battery-powered
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computer including a primary energy source. The primary
energy source for operation of the battery-powered com-
puter includes at least one battery and can be a rechargeable
battery. In some embodiments the rechargeable battery can
be the sole energy source for operation of the battery-
powered computer. In other embodiments, a secondary

source of energy can be provided to ensure that the data 1s
retained 1n the memory even after the residual energy 1n the
primary energy source has been depleted to approximately
the cutoll voltage.

The first aspect of the invention includes a battery-
powered computer having a processor and a memory. The
memory 1s coupled with the processor to: calculate a mea-
sure of time after a signal 1s received by the processor, and
to provide a time-based warning message based on the
measure of time. The warning message indicates that the
energy capacity of the battery has discharged to a low level.

The second aspect of the invention includes a battery-
powered computer having a battery, a processor and hard-
ware resources coupled to the processor. The battery has an
operating voltage, and a cutoif voltage below which no
functioning of the battery-powered computer can be
executed using the primary energy source. The hardware
resources are coupled with the processor to respond to the
operating voltage being approximately equal to a hardware
lockout voltage by preventing the activation of power and
applications in the battery-powered computer. Upon dis-
charging to the hardware lockout voltage, the primary
energy source retains a residual energy above the cutoff
voltage sufficient for the battery-powered computer to per-
form at least one function before the primary energy source
discharges to the cutoif voltage.

A third aspect of the invention 1s a method implemented
in a battery-powered computer for providing a warning
based on at least one measurement of time. The method
includes a processor receiving a signal at approximately a
first time and starting at least one timer at approximately the
first time. The method also includes tracking at least one
measure of time from approximately the first time, and the
battery-powered computer responding to a first measure of
fime being approximately equal to a second time by pro-
viding a warning that a primary energy source of the
battery-powered computer has discharged to a low voltage.

A fourth aspect of the invention i1s a method for using
residual energy 1n a battery-powered computer. The method
includes the primary energy source discharging to approxi-
mately a hardware lockout voltage level; and responsive
thereto, a processor preventing activation ol power and
applications in the battery-powered computer. Upon dis-
charging to the hardware lockout voltage, the primary
energy source has a residual energy suflicient to perform at
least one function within a first duration before the primary
energy source discharges to a cutoff voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

These, and other, goals and aspects of the mnvention will
be better appreciated and understood when considered in
conjunction with the following description and the accom-
panying drawings. Various embodiments of the invention
are 1llustrated i the drawings accompanying and forming a
part of this specification, wherein like reference characters
(if they occur in more than one view) designate the same
parts. It should be noted that the features illustrated 1n the
drawings are not necessarily drawn to scale.

FIG. 1 illustrates a portable computer adapted to user
residual battery energy, representing an embodiment of the
invention.
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FIG. 2 provides a flow chart 1llustrating a method of using,
residual energy 1n a battery-powered computer to retain data,
representing an embodiment of the invention.

FIG. 3 1llustrates a battery discharge curve, representing,
an embodiment of the mvention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The 1nvention and the various features and advantageous
details thereof are explained more fully with reference to the
non-limiting embodiments that are 1llustrated 1n the accom-
panying drawings and detailed 1n the following description
of preferred embodiments. Descriptions of well-known
components and processing techniques are omitted so as not
to unnecessarily obscure the invention in detail. The term
coupled, as used herein, 1s defined as connected, although
not necessarily directly, and not necessarily mechanically. It
should be understood, however, that the following
description, while indicating preferred embodiments of the
invention and numerous specific details thereot, 1s given by
way of 1llustration and not of limitation. Many changes and
modifications may be made within the scope of the invention
without departing from the spirit thereof, and the 1nvention
includes all such modifications.

Methods and apparatus are described for providing a
time-based warning message based on a measure of time
after a signal 1s received by the processor. The warning
message 1ndicates that the operating voltage has discharged
to a low voltage.

Methods and apparatus are described for using residual
energy In a primary energy source of a battery-powered
computer. The primary energy source can be one or more
rechargeable batteries, or one or more batteries that are
replaced after discharging. The primary energy source can
be the sole energy source for the computer.

The primary energy source can provide power to operate
the computer until the primary energy source voltage dis-
charges to a cutoil voltage. In previous systems, when the
primary energy source discharges to the cutoff voltage, the
computer crashes or otherwise shuts off. After the cutoff
voltage 1s reached, the computer cannot function using the
primary energy source to power the computer, unless the
primary energy source 1s replaced, recharged, or otherwise
brought back to a voltage level above the cutofl voltage.

The methods and apparatus provide advantages because
they reserve an amount of residual energy in the primary
energy source to perform at least one pre-cutofl function
within a first duration before the primary energy source
discharges to the cutoff voltage. The residual energy can be
used to retain data stored in the computer between oppor-
tunities to charge a rechargeable battery, or to perform a
wireless data synchronization. Advantages are also provided
because warnings of low operating voltage based on at least
onc measure of time are produced by the battery-powered
computer. These time-based warnings are much less likely to
fail than voltage based warnings because of voltage mea-
surement accuracy limitations, or flat discharge-voltage bat-
tery characteristics.

Some embodiments of the mmvention provide a computer
including a processor and hardware resources coupled with
the processor to lock out power and application activation
when the rechargeable battery has discharged to a predeter-
mined hardware lockout voltage. The value of the hardware
lockout 1s based on the primary energy source retaining a
residual energy suflicient for performing the corresponding
pre-cutoll function within an amount of time that 1s expected
to enable the user to perform the function.
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Various methods of using residual energy according to the
invention include detecting that the primary energy source
has discharged to a voltage level approximately equal to the
hardware lockout voltage. The methods also include the
processor responding to detecting the voltage level by
placing the computer into a low-energy consumption state,
and preventing activation of power and applications in the
computer.

Battery-Powered Computer Using Residual Energy
in Primary Energy Source

Various embodiments of a battery-powered computer 100
according to the invention are represented by FIG. 1. These
embodiments 1nclude at least one battery 110, a processor
120, an analog to digital converter 130, a voltage comparator
140, activation switches 150A—150X for energy consuming
functions, logic gates 160A—-160X, and a memory 170.

The battery 110 has an energy capacity that decreases
from energy discharge during use of the battery-powered
computer 100. The battery 110 also has a cutofl voltage
below which battery-powered computer 100 operation does
not occur using the battery as the energy source.

The processor 120 can include an mterrupt controller 122
and a warning level calculation circuit 124. The memory 170
can 1nclude an operating system 172 and a residual energy
manager module 174 (otherwise referred to herein as
“program”).

Some embodiments of the battery-powered computer 100
include only the battery 110, the processor 120, the memory
170, and hardware resources coupled to the processor to
provide a hardware lockout that prevents activation of power
and applications on the battery-powered computer. Other
embodiments include various combinations of the other
features described herein to provide responses to decreased
battery 110 capacity, such as warning messages and a
software lockout.

According to some embodiments of the invention, the
battery-powered computer 100 can be powered by a single
rechargeable battery 110, as shown in FIG. 1. In other
embodiments, the battery 110 acts as the primary energy
source, and the battery-powered computer 100 also includes
alternative energy sources. The battery 110 can provide the
power to operate the battery-powered computer 100 as long
as the battery 110 operating voltage 1s above a cutofl
voltage.

According to the first aspect of the invention, the battery-
powered computer includes a warning level calculation
means. The warning calculation means can be a warning
level calculation circuit 124 disposed 1n the processor 120,
or can be a series of software 1nstructions, typically disposed
in the memory 170 and executed by standard processor 120
rESOUrces.

The memory 170 1s coupled with the processor 120 to
provide a warning based on a measure of time after a signal
1s received by the processor 120. The warning message,
referred to 1n the examples below as the second warning,
indicates that the energy capacity of the battery 110 1s low.

The battery-powered computer 100 can include at least
one timer coupled with the warning calculation circuit 124.

The timer(s) can be disposed in the warning calculation
circuit 124.

The signal starts the at least one timer and can correspond
to a first warning based on voltage measurement that the
battery 110 operating voltage 1s low. The measure of time
used to determine when the second warning 1s provided can
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include elapsed time, or operational time of the battery-
powered computer, or whichever of these two times occurs
first.

According to the second aspect of the invention, the
battery-powered computer 100 can implement methods for
using the residual energy of the rechargeable battery 110 to
perform at least one pre-cutofl function within a first dura-
tion before the battery discharges to the cutoif voltage. Some
of these methods are described 1n the Methods for Using
Residual Energy 1in a Battery-Powered Computer section
below.

The battery-powered computer 100 monitors the capacity
remaining in the battery 110 as the battery discharges. The
battery-powered computer 110 then locks out power and
application interrupt signals when the capacity decreases to

a residual capacity corresponding to a predetermined volt-
age. The lockout reserves the residual capacity for perform-
ing one or more pre-cutofl functions before the battery 110
discharges to the cutofl voltage. For example the residual
energy can be used to ensure that data i1s retained in the
memory 170 between battery charging opportunities.

Some embodiments of the battery-powered computer 100
can 1implement a hardware lockout of the battery-powered
computer 100 when the battery 110 voltage level decreases
to a predetermined hardware lockout voltage level. The
predetermined hardware lockout voltage can be calculated to
ensure that sufficient residual energy remains 1n the battery
110 to retain data stored 1n the memory 170 for a period of
fime between battery charging opportunities, or provide
another pre-cutoff function.

The hardware lockout can place the battery-powered
computer 100 1mnto a low-energy consumption “sleep” state
while also masking interrupt signals mcluding those that
initiate certain high-energy functions. The high-energy func-
tions can include data synchronization through a modem, an
RS-232 communication port, or using an infrared (IR) port.
Other high-energy functions can include using a back-lit
display and performing radio frequency wireless communi-
cations.

In some embodiments, all applications in the battery-
powered computer 100, other than those required to main-
tain the data stored in the memory 170, are masked by the
hardware lockout. The hardware lockout can be viewed as
forcing the battery-powered computer 100 to behave as if
the rechargeable battery 110 has no remaining usable charge,
1.€., discharged below the cutoff voltage; and then using the
remaining, or residual, charge to maintain the computer in
the sleep state until a predetermined function 1s performed.

For some embodiments, the hardware lockout reserves
suflicient residual energy so that the predetermined function
can be performed within a particular target duration after the
lockout before the battery 110 discharges to an energy level
below that required to perform the function. This target
duration can be based on any related user requirement. For
example, some embodiments of the Palm V™ portable
computer available from 3Com can use the hardware lock-
out to retain data stored 1n the memory 170 for two to three
days after imposing the hardware lockout. The lockout is
implemented 1 hardware to ensure that the lockout, and
assoclated data retention, 1s not subject to failure from
software errors. The determination of the hardware lockout
voltage level can be based on trade-off considerations such
as maximizing user access to power and application
functions, and providing sufficient time for the user to start
recharging the battery 110.

In other embodiments, the required residual energy cor-
responds to the energy required to perform data synchroni-
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zation. For some of these embodiments, the residual energy
1s sufficient to maintain the battery-powered computer 100
in 1its sleep state for a target duration before the data
synchronization function 1s performed. For example, the
target duration could be based on the time expected for a
user to gain access to either a base station for an RF wireless

data synchronization, a communications cradle for a wired
data synchronization, or a device with IR communication
capability according to applicable IrCOMM protocols.

In some embodiments, the analog-to-digital (A/D) con-
verter 130 1s coupled with the rechargeable battery 110 and
the processor 120 to monitor the battery voltage. The A/D
converter 130 provides a digital signal corresponding to the
operating voltage of the rechargeable battery 110 to the
memory 170.

More than one predetermined action voltage level can be
detected using a residual energy manager module 174 dis-
posed 1 the memory 170. The residual energy manager
module 174 can store values corresponding to at least one
action voltage level. The action voltage levels can corre-
spond to actions such as: a software lockout of power and
applications 1 the battery-powered computer 100, or pro-
viding a warning to the user that the batteries 110 have
discharged to a low operating voltage.

The residual energy manager module 174 can compare
the digital signal provided by the A/D converter with the at
least one action voltage level to detect when the battery 110
has discharged to approximately an action voltage level.
Upon detecting that the battery 110 operating voltage has
discharged to approximately one of the action voltage levels,
the residual energy manager module 174 can provide a
signal to the processor 120 to cause the action corresponding
to the detected action level to occur.

Some embodiments include an interrupt controller 122
disposed 1n the processor 120. The interrupt controller 122
can be coupled with the A/D converter 130 and the memory
170 to provide a software lockout preventing activation of
power and application on the battery-powered computer 100
when the battery 110 has discharged to approximately a
software lockout voltage.

Some embodiments of the invention combine the first and
second aspects of the invention. These embodiments, pro-
vide a time-based warning that occurs before the software
(or hardware) lockout, because the time-based warning is
not subject to fail because of voltage accuracy limitations of

the A/D converter 130.

Methods for Using Residual Energy 1n a Battery-
Powered Computer

A method for using residual energy 200 in a battery-
powered computer 100 representing one embodiment of the
invention 1s shown 1n FIG. 2. The method for using residual
energy 200 shown in FIG. 2 includes providing a first
warning message (block 210), starting at least one timer
(block 2185), and providing a second warning message
(block 220). Each timer starts at approximately the time
when the first warning message 1s provided to provide a
measure of time. The second warning message 1s provided
when the appropriate measure of time approximately equals
a predetermined time. Because no voltage measurement 1s
used to calculate when the second warning message 1s given,
the second warning message 1s not subject to failure based
on the accuracy limitations of the voltage measurement
component, e.g., the A/D converter 130. The time-based
warning also overcomes voltage versus capacity limitations,
1.€., flat voltage versus capacity discharge curves, present
within some battery technologies.
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As shown 1n FIG. 2, the method for using residual energy
200 continues by providing a software lockout (block 230)
of power and application interrupt signals, and providing a
hardware lockout (block 240) of power and application
interrupt signals as the primary energy source discharges.
The value(s) of the timer(s) can provide the basis for
providing the second warning message (block 220).

The method for using residual energy 200 can also include
recharging the battery (block 250) and repeating one or more
of the warning message steps (blocks 210 and 220), and the
lockout steps (blocks 230 and 240). In some embodiments,
the method for using residual energy 200 includes, after
starting the timer(s) (block 215), determining whether the
battery 110 has been recharged to a voltage greater than the
first warning message voltage (block 260). This determina-
tion can be made by including a first warning message
voltage recharge level and appropriate code 1n the residual
energy manager module 174.

If the battery 110 has been recharged to a voltage level
orcater than the first warning message voltage, the method
for using residual energy 200 can continue by resetting the
timer(s) (at block 270) used to determine when the second
warning message 1s provided (e.g., at block 220). Otherwise,
the timers can continue as 1f no recharging has occurred.

Some embodiments of the method for using residual
energy 200 according to the third aspect of the mvention
include only providing the first message warning 210, start-
ing the timer(s) 215, and providing the second warning 220.
More generally, starting the timers 215 can be 1nitiated by
any signal received by the processor 120.

Some embodiments of the method for using residual
energy 200 according to the fourth aspect of the mvention
include only the hardware lockout step (block 240) and
battery recharging (block 250). In other embodiments, vari-
ous combinations of one or more of the warning steps

(blocks 210 and 220), and the lockout steps (230 and 240)
are included. In some embodiments, different pre-cutofl

functions are performed aftter the hardware cutoff (instead of
battery recharging) such as wireless data synchronization,
copying data to a non-volatile storage device or to a non-
volatile integrated circuit (IC) memory. The data can be

copied 1n 1ts entirety, or 1n some embodiment only a portion
of the data can be copied. The non-volatile storage device
can be a rotating magnetic media, or a CD-ROM. The
non-volatile IC memory can be a flash EEPROM device or
a ferro-magnetic device.

Other pre-cutoff functions include switching to another
energy source, and performing memory/data integrity test-
ing. The energy source switching could be to non-
rechargeable “emergency backup”™ batteries and can include
placing limitations on use of high-energy consumption func-
tions 1n the battery-powered computer 100. The integrity
testing can include applying an error correcting code across
the data to help recover data that would otherwise be subject
to lose due to the impending low power.

Examples

Specific embodiments of the invention are further
described by the following, non-limiting examples which
serve to 1llustrate 1n some detail various features of signifi-
cance. The examples are intended merely to facilitate an
understanding of ways 1 which the invention may be
practiced and to further enable those of skill in the art to
practice the invention. Accordingly, the examples should not
be construed as limiting the scope of the ivention.

First Example

One example of a battery-powered computer 100 accord-
ing to some embodiments of the invention uses a lithium-ion
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battery having discharge properties described by the dis-
charge cycles 1in FIG. 3. The Sanyo UF612248 lithium-1on
battery 110 represented by FIG. 3 has a rated capacity (1.0

C) of approximately 400 milliamp-hours for an initial charge
of 4.1 volts.

FIG. 3 shows a first discharge cycle curve 300A for a
lightly-loaded battery 110 where the discharge rate 1is
approximately 80 milliamperes (mA). Energy efficient por-
table computers, such as the PalmV from Palm Computing,
Inc., have battery 110 discharge rates similar to 80 mA (0.2
C, or one-fifth of the 1.0 C rated capacity) as represented in
the first discharge cycle curve 300A. A second discharge
cycle curve 300B i1s shown in FIG. 3 for comparison
purposes only, and represents the curve for a moderately-
loaded lithrum-1ion battery 110, e.g., 400 mA discharge rate.
The third discharge cycle curve 300C represents a heavily-
loaded lithium-1on battery 110, e.g., 800 mA discharge rate.

The voltages for the various message and lockout levels
for this first example are based on an estimate for the current
used by the battery-powered computer in standby mode of
300 microamps, and an estimate of active use current of 12
milliamps. These message and lockout level values, indi-
cated on FIG. 3, are also based on an average active use time
per day of approximately twenty minutes. Based on these
estimates, the battery-powered computer 100 consumes
approximately 12 milliamp-hours per day during normal
operation

In some embodiments, the battery-powered computer 100
provides a first warning (otherwise referred to herein as M1,
for first warning message) when the battery 110 discharges
to a first warning (M1) voltage 310. For some embodiments
of the Palm V™ portable computer using the lithium-ion
battery 110, the M1 voltage 310 (V) is set at approximately
3.76 volts and occurs at a time to. The Palm V™ portable
computer can be used for approximately 21 days at 25° C.
before the M1 warning occurs. The twenty-one day period 1s
based on the battery discharge curve for the lithrum-ion
battery 110, and a normal usage pattern of twenty minutes
per day. The twenty-one day period 1s based on the assump-
tion that the battery 110 1s fully charged to approximately 4.1
volts (V) at the beginning of the 21-day period. The
difference between the fully charged battery 110 voltage V|,
and the M1 voltage 310 (V,) is approximately 0.35 volts,
and 1s referred to V.

In some embodiments, the A/D converter 130 provides a
digital value representing the battery 110 voltage to the
residual energy manager module 174. The digital value from
the A/D converter 130 can be used to overcome voltage
resolution limitations characteristic of the voltage compara-

tor 140.

The residual energy manager module 174 can store the
M1 voltage 310. In response to receiving a digital value
representing a voltage approximately equal to the M1 volt-
age 310 from the A/D converter 130 during discharge of the
battery 110, the residual energy manager module 174 can
cause the display of a first warning message on the 1image
screen of the battery-powered computer 100. For certain
Palm V™ portable computer embodiments, the first warning
includes a warning that “your batteries are low”. The {first
warning can also inform the user that placing the Palm V™
portable computer into the HotSync™ communications
cradle will recharge the battery 110.

For some embodiments, the battery-powered computer
100 provides a second warning (M2) 320 message that
occurs at an M2 time 320 corresponding to a predetermined
measure of time after the first warning (M1) message occurs.
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For some Palm V™ portable computer embodiments, the
M2 message 1s triggered by an M2 time 320 corresponding
to either three elapsed days after M1 occurs (t,), or sixty
minutes of operating time assuming normal usage after M1
occurs (t,), whichever occurs first. M2 is based on time and
usage factors instead of a voltage value because of the
difficulty 1n resolving 0.05 volts, and to guarantee that the
M2 warning will appear before the software lockout L1. For
some embodiments of the Palm V™ portable computer, the
M2 message includes “your batteries are extremely low™.

A first timer for the second warning can be disposed 1n the
warning level calculation circuit 124 and controlled by the
residual energy manager module 174 to track the elapsed
time after the M1 warning. A second timer, also disposed 1n
the warning level calculation circuit 124 and controlled by
the residual energy manager module 174, can track the
battery-powered computer 100 operation time after the M1
warning. The second timer can be adapted to ensure that a
light or heavy user will see the second M2 warning at an
appropriate M2 time 320 after the first (M1) warning, but
before the battery-powered computer 100 locks out.

For example, 1f the battery-powered computer 100 1s used
for high-energy consumption functions after the M1
warning, the operating time required before the second (M2)
warning 1s displayed 1s reduced by an appropriate amount.
The reduction 1n operating time before the M2 warning
occurs can be accomplished by accelerating the second timer
during operation of high-energy consumption functions. In
some embodiments, the high-energy functions can include
use of a back-light to enhance the display, RS-232 data
synchronization, infrared data synchronization, and wireless
communication.

The residual energy manager module 174 can cause the
first and second timers to be reset to zero 1n response to the
processor 120 detecting that the battery 110 1s being charged
after the user sees the M1 message, but before M2. For the
Palm V™ portable computer, the battery 110 can be
recharged by inserting the Palm V™ portable computer into
the HotSync™ communication cradle.

Various embodiments of the invention, including the Palm
V™ portable computer, can detect whether the battery-
powered computer 100 1s connected to the communication
cradle as described by U.S. patent application Ser. No.
09/299,063, entitled “Detection of an Accessory Device
Connected to a Portable Computer,” filed, Apr. 23, 1999
which 1s incorporated herein by reference. The residual
energy manager module 174 can respond to the detection of
the connection to the communication cradle by implement-
ing a timer reset function that monitors the battery 110
operating voltage to determine whether the voltage has been
charged above a timer reset voltage level as described 1n the
next two paragraphs.

In some embodiments, the processor 120 can respond to
an A/D converter 130 digital value indicating that the battery
100 voltage has been charged higher than the M1 voltage by
a threshold amount by canceling the timers. For example,
orven an M1 voltage 310 of 3.76 volts, a timer reset voltage
of 3.81 volts can be used by the residual energy manager
module 174 to cancel the timers.

The M2 voltage can be approximately in the range of 3.73
to 3.74 volts. Recharge of the battery 10 from the M2
voltage to the 1nitial operating voltage of 4.1 volts 1n some
embodiments of the Palm V™ portable computer using a
lithium-10n battery can take approximately thirty minutes.

The margin of 0.05 volts (or 50 millivolts) is used to
ensure that the timer-reset voltage 1s readily distinguished
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from the M1 voltage 310. This margin 1s preferred even for
properly calibrated A/D converters 130 to avoid resetting the

timers when the operating voltage has not actually recharged
to the M1 voltage 310.

In some embodiments of the battery-powered computer
100, the accuracy of the digital signal provided by the A/D
converter 130 can be improved from approximately 100
millivolts to approximately 50 millivolts by calibrating the
A/D converter 130. The temperature and the A/D converter
130 accuracy can force the voltage readings provided to the
processor 120 and the residual energy manager module 174
up or down the time scale.

Even with calibration, certain factors contributing to
variability (or uncertainty) in the values provided by the A/D
converter 130 can be accounted for to ensure that the
messages (blocks 210 and 220) and the lockouts (blocks 230
and 240) meet user expectations. For example, drift can
provide an uncertainty of approximately 3 millivolts in some
embodiments, A/D converter 130 leakage —15 millivolts of
uncertainty, long term stability -2.5 millivolts, and FET
temperature drift —5 millivolts. These contributions total to
an uncertainty of approximately +/-25.5 millivolts 1if the
A/D converter 130 1s calibrated using an In-Circuit Tester
(ICT).

Further, even an accurate battery 110 voltage measure-
ment 15 not necessarily an accurate indicator of remaining
battery capacity because many battery technologies, espe-
cially rechargeable batteries, have a “flat” discharge curve
wherein the battery delivers a large portion of the battery’s
energy at approximately the same voltage. As mentioned
above, M2 1s based on time and usage factors instead of a
voltage value because of the difficulty 1n resolving 0.05 volts

by the A/D converter 130.

The residual energy manager module 174 can store the
timer reset voltage level (e.g., 3.81 volts), and code to
provide a signal to the processor 120 to reset the first and
second timers upon receiwving a value from the A/D con-
verter 130 corresponding approximately to the reset voltage
level.

In some embodiments, the processor 120 includes an
interrupt controller 122. The mterrupt controller 122 can be
programmed to mask off signals from signal producing
components such as power-up buttons, wireless communi-
cation antennas, application buttons, connected accessory
devices (such as synchronization docking ports and
modems), and other components that would otherwise begin
energy-consuming processing 1n the battery-powered com-
puter 100.

In some embodiments of the Palm V™ portable computer,
a software lockout (1) occurs at an L1 voltage (V,) 330 of
approximately 3.71 volts. The difference between the fully
charged battery 110 voltage and the L1 voltage (V,) 330 is

approximately 0.39 volts, and 1s referred to as V, 1n FIG. 2.

According to battery 110 discharge data at 25° C. and
20% of the discharge rate at which the battery capacity 1s
specified, discharge to a battery voltage of approximately
3.71 volts, e.g., the software lockout voltage, occurs
approximately 5 days after the second warning (M2) mes-
sage for an average user. Discharge to the L1 voltage 330
also occurs approximately 7 to 10 days before the battery
110 discharges to the cutoff voltage (2.75 volts) 350 and the
user loses data for the average Palm V™ portable computer
user.

In some embodiments, the residual energy manager mod-
ule 174 reconfigures the mterrupt controller 122 when the
battery 110 discharges to the L1 voltage 330. The reconfig-
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uring prevents the processor 120 from responding to inter-
rupt signals from the power button, application buttons, or
connected accessory devices.

The M1, L1, and L2 voltage levels (310, 330 and 340) can
be based on providing approximately three days between
M1 and M2, and two days between M2 and software lockout
L1. The estimated duration between software lockout L1 and
cutoif, e. 2. loss of battery life when memory 170 contents
are lost 1s approximately seven days. Approximately five of
those days are after the software lockout L1 and before a
hardware lockout L2, and approximately two days are
provided from the hardware lockout L2 to the battery cutoif
voltage 350. The hardware lockout L2 can force the pro-
cessor 120 to get an interrupt, and lock all the power and
application switches.

In order to have seven days after L1 before cutoif, the
residual energy is approximately 50 mAh (7.2 mAh/day
discharge for standby mode multiplied by seven days).
Battery 110 voltage measurements for the Palm V™ por-
table computer using a lithium-ion battery with the dis-
charge characteristics shown in FIG. 3 revealed the target of
seven days between the software lockout L1 and when the
battery discharges to the cutofl voltage 350 at 2.5 volts can
be provided, on average, by setting the L1 voltage at 3.71
volts.

For some 400 mAh lithium-ion batteries, 350 mAh
remain available for general operation before the battery 110
discharges to the 50 mAh residual energy level. This trans-
lates to approximately twenty-nine days of normal operation
at 12 mAh/day. Therefore, based on the first discharge cycle
curve 300A, there 1s approximately twenty-one days from
full charge to M1, approximately three days from M1 to M2,
and approximately five days from M2 to L1.

For the Palm V™ portable computer using a lithium-ion
battery 110 having the discharge characteristics shown in
FIG. 3, the hardware lockout (I.2) occurs at a voltage of
approximately 3.5 volts and at a time referred to as t,,. The
[.2 voltage 340 1s estimated to provide a period in which the
data stored 1 the memory 170 can be retained before the
battery 110 discharges to the cutoff voltage 350 of approxi-
mately two days. When the battery 110 discharges to the
cutoff voltage 350, the battery-powered computer 100 shuts
off, and the user loses volatile data stored 1n the memory
170. The maximum time between L2 and cutoff 1s referred
to as At . Therefore, 1n order to effectively implement the
method of using residual energy 200 described by this first
example, the battery 110 should be recharged before the time

t, . +AL

The L2 to cutoff voltage difference 1s approximately 0.75
volts for some embodiments of the Palm V™ portable
computer, represented by the first discharge cycle curve
300A. Note that L1 and L2 can move relative to each other
depending on temperature and component tolerances. Also
note that approximately five to ten percent of the :)attery 110

capacity 1s saved by L1 and L2 for the pre-cutoff function.

The hardware lockout (IL2) can be implemented using
hardware resources such as the voltage comparator 140, the
activation switches 150A through 150X, and logic gates
160A through 160X. The logic gates 160A through 160X
can be connected to the activation switches 150A through
150X, the voltage comparator 140, and the processor 120 as
shown 1n FIG. 1. The logic gates 160A through 160X can be
AND gates as shown 1n FIG. 1. In response to the voltage
comparator 140 providing a voltage level approximately
equal to the L2 voltage 340, the processor 120 receives a
lockout interrupt signal and responds to the lockout interrupt
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signal by locking out all power, application and connected
device interrupt signals.

Using hardware to lockout the application, power and
connected device interrupt signals ensures that the lockout
will occur, and the residual battery 110 capacity reserved,
even 1f there 1s a software failure. Such software failures can
occur for L1, M1 and M2 and other software driven events
because of program crashes or otherwise defective pro-

grams.

Also, for some embodiments, the software lockout L1 can
fail 1f the battery 1s too close to the end of 1ts life and reaches
the cutofl voltage 350 too quickly. For example, when the
software lockout L1 begins, the processor 120 can remain on
for approximately 100 milliseconds because of the time
required to read the A/D converter 130 output. The liquid
crystal 1mage screen does not power up during the 100
milliseconds period after L1. However, 1f the user holds
down the power button during the 100 milliseconds directly
after L1, the processor 120 can cycle on and off to read the
AID converter 130 causing the battery 110 to further dis-
charge without the user being aware of the discharge.

Other Examples

Many other examples of battery-powered computers 100
and methods of using residual energy 200 are possible. The
memory 170 can include an identification table to address
different characteristics for different battery-powered com-
puters 100. These characteristics can include: battery 110
parameters, €.g., charging factors for different battery types,
energy usage rates by the particular battery-powered com-
puter 100, e.g., higher energy usage rates for color screens.
The characteristics can also include time and voltage factors
for triggering the warnings and lockouts based on user
preferences, owner usage patterns, or other criteria. Differ-
ent user proiiles can be accommodated by setting different
values for M1, M2, and L1, 1n the residual energy manager
module 174. The 1dentification table can be disposed 1n the
residual energy manager module 174, or another portion of
the memory 170 1n the battery-powered computer 100.

For other embodiments of the invention, different primary
energy sources can power the battery-powered computer
100. Rechargeable batteries 110 having discharge curves
that differ from those shown 1n FIG. 3 can be used. In some
embodiments, replaceable batteries 110 can be used. For
such replaceable batteries 110, the pre-cutoff function can be
a data synchronization to ensure that critical data stored 1n
the memory 170 1s updated 1n an external memory source for
subsequent retrieval by the battery-powered computer 100
after replacing the batteries.

Modifications to the hardware resources are required to
implement changes the L2 voltage. Changes 1n the L2
voltage can be made by changing the voltage values for the
voltage comparator 140. For example, such a change 1s
uselul to accommodate a pre-cutoil function that requires
substantially greater than the retention of memory used to
determine the hardware lockout 1.2 voltage 340 1n the first
example above. For such a user, the 1.2 voltage can be set at
a higher voltage value to ensure that the battery-powered
computer 100 retains suflicient capacity to perform the
function before cutoft.

Some users who do not have ready access to recharging,
may require additional time between the hardware lockout
[.2 time (t,,) and the latest time for recharge (t, ,+At

mﬂx) *

Providing this additional time between 1.2 and cutoff also
requires changes to the hardware resources.

Ditferent responses to decreased battery 110 capacity can
also be provided by changing the residual energy manager
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module 174. For example, an automatic synchronization can
be implemented when the battery 110 has discharged below
a certain value and the battery-powered computer 100
detects a connection to an external memory source.

Different and additional pre-cutoff functions can be
accommodated by changing the L1 and L2 voltages.

As discussed above 1n the Methods for Using Residual
Energy in a Battery-Powered Computer, the method for
using residual energy 200 can include, after starting the
timer(s) (block 215), determining whether the battery 110
has been recharged to a voltage approximately equal to the
first warning message M1 voltage (block 260). Other
embodiments of the invention use a timer to make this
determination instead of determining when the operating
voltage has actually been recharged to above the first warn-
ing message M1 voltage 310.

As discussed 1n the First Example section, the operating
time before the second (M2) warning 1s displayed can be
reduced by an appropriate amount when high-energy con-
sumption function are executed by the battery-powered
computer 100. Some battery-powered computers 100 use
nickel cadmium (NiCad) batteries for wireless communica-
tions. The N1Cad batteries can be recharged by the primary
energy source. This charging of the NiCad batteries 1is
another high-energy consumption function that causes the
required operating time before the M2 warning to be
reduced.

Advantages of the Invention

A battery-powered computer 100, representing an
embodiment of the invention, can be cost effective and
advantageous for at least the following reasons. Battery-
powered computers 100 according to the 1invention reserve
a residual energy to provide a period of time 1n which the
user can perform critical memory saving functions using the
primary energy source before the primary energy source
discharges to the cutoif voltage. By implementing a lockout
in hardware, various embodiments of the mmvention ensure
that these functions will be available even 1n the event of
software errors. Preventing loss of key data can save users
of the battery-powered computer 100 time 1n circumstances
where the data can be found elsewhere or redone. Otherwise
the data loss prevention ensures that irreplaceable data is
retained 1n the battery-powered computer 100.

All the disclosed embodiments of the 1nvention described
herein can be realized and practiced without undue experi-
mentation. Although the best mode of carrying out the
invention contemplated by the mnventors 1s disclosed above,
practice of the invention 1s not limited thereto. Accordingly,
it will be appreciated by those skilled 1n the art that the
invention may be practiced otherwise than as specifically
described herein. For example, all the disclosed elements
and features of each disclosed embodiment can be combined
with, or substituted for, the disclosed elements and features
of every other disclosed embodiment except where such
clements or features are mutually exclusive.

It will be manifest that various additions, modifications
and rearrangements of the features of the invention may be
made without deviating from the spirit and scope of the
underlying mnventive concept. It 1s intended that the scope of
the 1mvention as defined by the appended claims and their
cequivalents cover all such additions, modifications, and
rearrangements. The appended claims are not to be inter-
preted as including means-plus-function limitations, unless
such a limitation 1s explicitly recited 1n a given claim using
the phrase “means-for.” Expedient embodiments of the
invention are differentiated by the appended sub-claims.
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What 1s claimed 1s:
1. A battery-powered computer comprising:

a primary energy source including at least one battery, the
battery having an energy capacity;

a processor configured to:
calculate a measure of time after a signal 1s received by
the processor; and
provide a warning message based on the measure of
time, the warning message indicates that the energy
capacity has discharged to a low level.

2. The battery-powered computer of claim 1, including
hardware resources coupled with the processor to respond to
the operating voltage being approximately equal to a hard-
ware lockout voltage by preventing the activation of power
and applications 1n the battery-powered computer; and

wherein:

the primary energy source has a cutoil voltage below
which no functioning of the battery-powered com-
puter can be executed using the primary energy
source; and

upon discharging to the hardware lockout voltage, the
primary energy source retains a residual energy
above the cutoff voltage, the residual energy being,
sufficient for the battery-powered computer to per-
form at least one function before the primary energy
source discharges to the cutoff voltage.

3. The battery-powered computer of claim 2, wherein the
primary energy source includes at least one rechargeable
battery.

4. The battery-powered computer of claim 3, wherein:

the at least one function 1s performed within a first
duration before the primary energy source discharges to
the cutolf voltage; and

the first duration includes a duration for replacing the at
least one replaceable battery.
5. The battery-powered computer of claim 2, wherein the
at least one function includes at least one of:

retaining data stored 1n a memory disposed in the battery-
powered computer; and

synchronizing data stored in the memory with data stored

in an external data source.

6. The battery-powered computer of claim 1, including at
least one timer, each timer being adapted to measure time
after a first action, and each timer being coupled with the
warning calculation circuit to provide an indication of a
corresponding measure of time after the first action.

7. The battery-powered computer of claim 6, wherein:

the at least one timer 1s disposed 1n the warning calcula-
tion circuit; and

the measure of time includes at least one of:
clapsed time after the first action; and
operation time of the battery-powered computer after

the first action.

8. The battery-powered computer of claim 6, including
processing resources adapted to accelerate the operation
fime during operation of high-energy consumption functions
in the battery-powered computer.

9. The battery-powered computer of claim 1, further
comprising:

a memory coupled with the processor, the memory includ-
ing a residual energy management module adapted to
store at least one action voltage level and the measure
of time;

an analog to digital converter connected to the primary
energy source and the processor, the analog to digital
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converter being adapted to provide a digital signal
corresponding to the operating voltage to the memory;
and

wherein the residual energy management module 1is

adapted to respond to at least one of the operating
voltage discharging to approximately a first action
voltage level, or to the time being approximately equal
to the measure of time by causing a corresponding
action.

10. The battery-powered computer of claim 9, including
an 1nterrupt controller 1s coupled with the analog to digital
converter 1n order to respond to the operating voltage being
approximately equal to a software lockout voltage by pre-
venting the activation of power and applications 1n the
battery-powered computer.

11. The battery-powered computer of claim 1, wherein the
signal corresponds to a first warning message based on the
operating voltage discharging to approximately a first warn-
Ing message voltage.

12. The battery-powered computer of claim 1, including
a warning calculation means having one of:

a circuit disposed 1n the processor, and
a set of 1nstructions disposed 1n the memory.
13. A battery-powered computer comprising;:

a primary energy source including at least one battery, the
battery having:
an operating voltage; and

a cutoff voltage below which no functioning of the
battery-powered computer can be executed using the
primary €nergy SOurce;

d Processor, and

hardware resources coupled with the processor to respond
to the operating voltage being approximately equal to a
hardware lockout voltage by preventing the activation
of power and applications 1n the battery-powered
computer,

wherein upon discharging to the hardware lockout
voltage, the primary energy source retains a residual
energy above the cutoff voltage, the residual energy
being sufficient for the battery-powered computer to
perform at least one function before the primary energy
source discharges to the cutofl voltage, and

wherein the first function 1s performed within a {first
duration before the primary energy source discharges to
the cutoff voltage, the first duration corresponding to a
duration between charging opportunities for the
battery-powered computer.

14. The battery-powered computer of claim 13, wherein:

the primary energy source mncludes at least one replace-
able battery;

the at least one function i1s performed within a first
duration before the primary energy source discharges to
the cutoll voltage; and

the first duration 1s sufficient for replacing the at least one

replaceable battery.

15. The battery-powered computer of claim 13, wherein
the hardware resources include a voltage comparator
coupled with the primary energy source to compare the
operating voltage with the hardware lockout voltage.

16. The battery-powered computer of claim 13, wherein
the battery has an energy capacity, and the battery-powered
computer mncludes a memory coupled with the processor to:

calculate a measure of time after a signal 1s received by
the processor; and

provide a warning message based on the measure of time,
the warning message indicates that the energy capacity
has discharged to a low level.
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17. The battery-powered computer of claim 16, wherein
the signal corresponds to a first warning message based on
the operating voltage discharging to approximately a first
warning message voltage.

18. A method implemented for operating a battery-
powered computer, the method comprising;:

receiving a signal at a first time;
starting at least one timer at approximately the first time;

tracking at least a first measure of time from the first time;
and

responsive to the first measure of time being detected as
being equal to a second time, providing a warning that
a primary energy source of the battery-powered com-
puter has discharged to a low energy capacity.

19. The method of claim 18, wherein receiving a signal
includes discharging the primary energy source to a first
warning voltage.

20. The method of claim 19 wherein:

tracking at least a first measure of time from the first time
includes tracking elapsed time from the first time; and

the method further includes tracking a second measure of
time based on an operating time of the battery-powered
computer from the first time; and

wherein after the first time, but before the elapsed time
being equal to a second time, and before the operating,
time 15 equal to a third time, the method further
includes:
recharging the rechargeable battery to a voltage greater
than the first warning voltage;
determining that the rechargeable battery voltage is
oreater than the first warning voltage; and
responsive to determining that the rechargeable battery
voltage 1s greater than the second voltage:
stopping the at least one timer;
stopping tracking the first measure of time and the
second measure of time; and
resetting the at least one timer to zero.

21. The method of claim 19, wherein:

tracking at least a first measure of time includes tracking,
an operating time of the battery-powered computer
from the first time; and

of the battery powered computer in response to the

operating time being equal to a third time.

22. The method of claim 21, mncluding reducing the
operating time during operations of high-energy consump-
fion processes 1n the battery-powered computer, the high-
energy consumption processes include at least one of: pro-
viding back-lighting of a display powered by the primary
energy source, performing a data synchronization, and per-
forming a wireless communication.

23. The method of claim 19, wherein:

tracking at least a fist measure of time 1ncludes tracking
clapsed time from the first time; and

responsive to the elapsed time being equal to a second

time, providing the warning to the user.
24. The method of claim 19, including:

discharging the primary energy source to a soltware
lockout voltage that 1s greater than the hardware lock-
out voltage level; and

responsive to discharging the primary energy source to the

software lockout voltage, preventing activation of

power and applications in the battery-powered com-
puter.

25. The method of claim 24, wherein responsive to the

primary energy source discharging to the software lockout

10

15

20

25

30

35

40

45

50

55

60

65

138

voltage, the method includes placing the battery-powered
computer 1mto a low-energy consumption state.

26. The method of claim 24, wherein the method 1ncludes
coupling an analog to digital converter to the primary energy
source and operating a program 1n cooperation with the
analog to digital converter 1n order to determine when the
primary energy source discharges to the software lockout
voltage.

27. The method of claim 24, wherein preventing activa-
tion of power and applications includes coupling an analog
to digital converter to an interrupt controller to respond to
the rechargeable battery voltage being detected as being
equal to the software lockout voltage by masking processor

interrupt signals.
28. The method of claim 18, including;:

the primary energy source discharging to a hardware
lockout voltage level;

responsive to the primary energy source discharging to
approximately the hardware lockout voltage, prevent-
ing activation of power and applications 1n the battery-
powered computer; and

wherein upon discharging to the hardware lockout voltage
level, the method includes retaining a residual energy
sufficient to perform at least one function within a first
duration before the primary energy source discharges to
a cutoff voltage.

29. Amethod of using residual energy of a primary energy
source disposed 1n a battery-powered computer, the method
comprising;

discharging the primary energy source to a hardware

lockout voltage level;

responsive to discharging the primary energy source to the
hardware lockout voltage, preventing activation of
power and applications i1n the battery-powered com-
puter;

upon discharging to the hardware lockout voltage level,
retaining 1n the primary energy source a residual energy
sufficient to perform at least one function within a first
duration before the primary energy source discharges to
a cutofl voltage;

starting at least one timer at approximately the first time;

tracking at least a first measure of time from approxi-
mately the first time; and

responsive to the first measure of time being equal to a
second time, providing a warning that the primary
energy source has discharged to a low energy capacity
level.

30. The method of using residual energy of claim 29,

further comprising:

coupling a voltage comparator to the primary energy
source and the processor; and

setting the voltage comparator to the hardware lockout
voltage, and

coupling the voltage comparator with hardware resources
to mask processor interrupt signals corresponding to
activation of power and applications.
31. The method of using residual energy of claim 29,
wherein:

tracking at least a first measure of time includes tracking
at least one of:
operation time of the battery-powered computer and
clapsed time; and
providing a warning that the primary energy source has
discharged includes:
detecting the operation time as being equal to a third
time; and
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detecting the elapsed time as being equal to a fourth
time.
32. The method of using residual energy of claim 29,
including;
prior to discharging to discharging the primary energy
source to the hardware lockout voltage level, discharg-

ing the primary energy source to a first warning voltage
that 1s greater than the hardware lockout voltage; and

responsive to discharging the primary energy source to the

first warning voltage, providing a first warning.

33. The method of using residual energy of claim 29,
wherein the method includes detecting the primary energy
source as having a voltage that 1s equal to the hardware
lockout voltage, and placing the battery-powered computer
into a low-energy consumption state 1n response to detecting
the primary energy source as having the voltage.

34. The method of using residual energy of claim 29,
wherein:

retaining 1n the primary energy source a residual energy
sufficient to perform at least one function includes
retaining 1n the primary energy source the residual
energy that 1s sufficient to retain data stored in the
battery-powered computer for a first duration, wherein
the primary energy source includes a rechargeable
battery, and the first duration corresponds to a duration
between charging opportunities for the battery-
powered computer.

35. The method of using residual energy of claim 29,
wherein retaining 1n the primary energy source a residual
energy sufficient to perform at least one function includes
retaining 1n the primary energy source the residual energy
that 1s sufficient to perform the at least one function that
includes at least one of:

exchanging data using a wireless transmission;

exchanging data with an external data source to synchro-
nize files;
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switching to another energy source; and

performing memory integrity testing,.

36. A battery-powered computer comprising:

primary means for providing energy to operate the

battery-powered computer, including at least one
battery, the battery having an energy capacity;

processing means including warning calculation means;
and

data storage means coupled with the processing means to
provide a time-based warning message based on a
measure of time after a signal 1s received by the
processing means, the warning message indicates that
the energy capacity has discharged to a low level.
37. A battery-powered computer comprising;:

primary means for providing energy to operate the
battery-powered computer, including at least one
battery, the battery having;:
an operating voltage; and
a cutoff voltage below which no functioning of the
battery-powered computer can be executed using the
primary €nergy Source;

Processing means;

hardware means for preventing the activation of power
and applications in the battery-powered computer, the
hardware means coupled with the processing means to
respond to the operating voltage being detected as
being equal to a hardware lockout voltage by prevent-
ing the activation of power and applications, when the
primary means for providing energy discharges to the
hardware lockout voltage the primary means for pro-
viding energy retains a residual energy above the cutoif
voltage suflicient for the battery-powered computer to
perform at least one function before the primary means

for providing energy discharges to the cutoff voltage.
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